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RIPRYHPHQWVGXULQJH[FDYDWLRQZRUNVLVRIWHQDVLPSHUDWLYHDVDVVXUDQFHDJDLQVWFROODSVH$VDFRQVHTXHQFHOLPLWLQJ
YDOXHVRIGHIRUPDWLRQVKRXOGEHFDUHIXOO\SUHVFULEHGLQDFFRUGDQFHWRWKHVHUYLFHDELOLW\OLPLWVWDWH7KHWHFKQLTXHV
DYDLODEOHWRHYDOXDWHWKHZDOOGHIOHFWLRQVDQGJURXQGVHWWOHPHQWVLQFOXGHHLWKHUVHPLHPSLULFDOPHWKRGVGHULYHGIURP
WKH LQWHUSRODWLRQRISXEOLVKHGGDWD VHWV >HJ@RUDQDO\WLFDO DQGQXPHULFDOPHWKRGV VXFKDV ILQLWHHOHPHQW )(
DQDO\VHV>HJ@
7KH SDSHU LQYHVWLJDWHV WKH SHUIRUPDQFH RI D GHHS EDVHPHQW H[FDYDWLRQ ORFDWHG LQ %RVWRQ XVLQJ DQ DGYDQFHG
FRQVWLWXWLYH PRGHO IRU QDWXUDO FOD\V IRUPXODWHG ZLWKLQ WKH IUDPHZRUN RI NLQHPDWLF KDUGHQLQJ SODVWLFLW\ >@ DQG
LPSOHPHQWHGLQDILQLWHHOHPHQWVRIWZDUH>@7KHPRGHOOLQJIUDPHZRUNDGRSWHGLQWKLVZRUNLVIRFXVHGRQWKHHIIHFWV
RIWKHVRLOFRQVWLWXWLYHDVVXPSWLRQVRQWKHQXPHULFDOSUHGLFWLRQVE\VWDUWLQJZLWKWKHZHOONQRZQ0RGLILHG&DP&OD\
PRGHO DQG FRQVHTXHQWO\ DGGLQJ DGYDQFHG PRGHOOLQJ IHDWXUHV VXFK DV VWUHVVKLVWRU\ GHSHQGHQF\ DQLVRWURS\ DQG
VWUXFWXUH
'HVFULSWLRQRIWKHFDVHVWXG\
7KH FDVH VWXG\ LQYHVWLJDWHG LQ WKLVZRUN LV D PGHHS PZLGH EDVHPHQW H[FDYDWLRQ DERYHZKLFK IRXU
EXLOGLQJVXSWRHLJKWVWRUH\VZLOOIRUPWKH$OOVWRQ6FLHQFH&RPSOH[DW+DUYDUG8QLYHUVLW\%RVWRQ0DVVDFKXVHWWV
86$7KHFRQVWUXFWLRQVLWHLVORFDWHGRII:HVWHUQ$YHQXHLQ$OOVWRQDVLQGLFDWHGLQ)LJXUH,QVLWXLQYHVWLJDWLRQV
LQFOXGHGVWDQGDUGSHQHWUDWLRQ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FRQHSHQHWUDWLRQ&378DQGVHLVPLFFRQHSHQHWUDWLRQ6&37WHVWVVHOIERULQJ
SUHVVXUHPHWHU6%37DQGILHOGYDQHWHVWLQJ7KHORFDWLRQRIWKHGLIIHUHQWLQVLWXH[SORUDWLRQVLVUHSRUWHGLQ)LJXUH
637DQGILHOGYDQHWHVWVZHUHXQGHUWDNHQLQWKHERUHKROHVWRJHWKHUZLWKDVVRFLDWHGVDPSOLQJ7KHJURXQGZDWHUWDEOH
ZDVHQFRXQWHUHGDWPEHORZJURXQGVXUIDFHZLWKDK\GURVWDWLFSRUHSUHVVXUHLQFUHDVLQJZLWKGHSWKDVPHDVXUHG
E\ YLEUDWLQJ ZLUH SLH]RPHWHUV LQVWDOOHG LQ VRPH RI WKH ERUHKROHV )LJ  /DERUDWRU\ WHVWLQJ FRQVLVWHG RI .
FRQVROLGDWHG XQGUDLQHG WULD[LDO WHVWV LQ ERWK FRPSUHVVLRQ &.87& DQG H[WHQVLRQ &.87( GLUHFW VKHDU WHVWV
'66 XQFRQVROLGDWHG XQGUDLQHG WULD[LDO WHVWV $WWHUEHUJ OLPLWV DQG PRLVWXUH FRQWHQWV 7KH JHRORJLFDO VHTXHQFH
FRQILUPHG E\ WKH VLWH LQYHVWLJDWLRQV LQFOXGHG VXFFHVVLYH VWUDWD RIPDGH JURXQG DOOXYLXP GHSRVLWV RFFDVLRQDOO\
LQFOXGLQJRUJDQLFSHDWPDWHULDOVDQG\JUDYHOWKH%RVWRQ%OXH&OD\%%&PDULQHFOD\JODFLDOWLOODQGWKH&DPEULGJH
DUJLOOLWHEHGURFN$FFRUGLQJWRWKHDYDLODEOHJHRORJLFDODQGJHRWHFKQLFDOGDWDWKHJHRWHFKQLFDOPRGHODGRSWHGLQWKLV
VWXG\ZDVFRPSRVHGE\DILUVWPWKLFNOD\HURIPDGHJURXQG/IROORZHGE\DPVWUDWXPRIIOXYLDOVDQGV/D
PGHHS%%&GHSRVLW/RYHUOD\LQJPHWHUVRIJODFLDOWLOO/UHVWLQJRQWKH&DPEULGJHDUJLOOLWHEHGURFN7KH
%%&GHSRVLWZDVGLYLGHGLQDQXSSHURYHUFRQVROLGDWHG2&PWKLFNOD\HUDQGDORZHUQRUPDOO\FRQVROLGDWHG1&
PWKLFNOD\HU


)LJ$OOVWRQ6FLHQFH&RPSOH[%RVWRQ86$DQGORFDWLRQRILQVLWXWHVWV
7ZRGLIIHUHQWW\SHVRIUHWDLQLQJZDOOZHUHDGRSWHGLQWKHSURMHFWDGLDSKUDJPZDOORUUHLQIRUFHGFRQFUHWHVOXUU\
ZDOOZDVXVHG IRU WKH VHFWLRQVZKHUH D VLJQLILFDQW FDQWLOHYHU FRQGLWLRQZDV UHTXLUHG DERYH WKH WRS WLHEDFN OHYHO
6HFWLRQ$ZKLOHDVROGLHUSLOHWUHPLHFRQFUHWH637&VOXUU\ZDOOZDVSURSRVHGIRUWKRVHVHFWLRQVZKHUHWKHWRS
WLHEDFNOHYHOZDVLQUHODWLYHSUR[LPLW\WRWKHJURXQGVXUIDFH6HFWLRQ%7KHVFKHPDWLFSODQYLHZRIWKHWZR6HFWLRQV
$DQG%LVUHSRUWHGLQ)LJXUH7KHWRWDOGHSWKRIH[FDYDWLRQZDVYDU\LQJEHWZHHQPDQGPDQGWKHZDOOVZHUH
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GHVLJQHGWRUHVLVWWKHVRLODQGZDWHUSUHVVXUHZLWKIRXUURZVRIWLHEDFNVJURXQGDQFKRUVDWYDULRXVHOHYDWLRQV2QO\
WKHH[FDYDWLRQVXSSRUWV\VWHPDGRSWHGLQ6HFWLRQ$LVGLVFXVVHGLQWKLVSDSHU
&DOLEUDWLRQRIWKHVRLOFRQVWLWXWLYHPRGHOV
7KHPDGHJURXQGIOXYLDOVDQGDQGJODFLDOWLOOOD\HUVZHUHPRGHOOHGXVLQJWKH0RKU&RXORPEVRLOPRGHOIRUZKLFK
WKH PDWHULDO SURSHUWLHV ZHUH GHULYHG IURP GLIIHUHQW JHRWHFKQLFDO UHSRUWV RQ %RVWRQ VRLOV >@ LQFOXGLQJ WKH
UHFRPPHQGDWLRQVIRUGHVLJQSURYLGHGE\%XUR+DSSROG>@7KHVRLOSURSHUWLHVDGRSWHGLQWKH)(VLPXODWLRQVIRU
//DQG/DUHVXPPDULVHGLQ7DEOH
7DEOH'HVLJQVRLOSURSHUWLHVIRU//DQG/
6WUDWD FcN3D Icq XQLWZHLJKWN1P (c03D . 3RLVVRQ¶VUDWLR
0DGHJURXQG±/      
)OXYLDOVDQGVDQGJUDYHOV±/      
*ODFLDO7LOO±/      

7KH %%& GHSRVLW ZDV PRGHOOHG ZLWK WKUHH GLIIHUHQW VRLO FRQVWLWXWLYH PRGHOV VWDUWLQJ IURP WKH ZHOONQRZQ
0RGLILHG&DP&OD\0&&IROORZHGE\WKHKLHUDUFKLFDOH[WHQVLRQVRIWKH.+0EXEEOHPRGHODQGWKH.LQHPDWLF
+DUGHQLQJ0RGHOIRU6WUXFWXUHGVRLOV.+60GHYHORSHGE\5RXDLQLDDQG0XLU:RRG>@,QDGGLWLRQWZRGLIIHUHQW
HODVWLFDVVXPSWLRQVZHUHFRQVLGHUHGDVWDQGDUGK\SRHODVWLFIRUPXODWLRQDQGWKHVPDOOVWUDLQVWLIIQHVVPRGHOSURSRVHG
E\9LJJLDQLDQG$WNLQVRQ>@7KLVKDVOHGWRIRXUGLIIHUHQW)(VLPXODWLRQVRIWKHH[FDYDWLRQ0DQG0DQDO\VHV
HPSOR\LQJ 0&& DQG .+0 UHVSHFWLYHO\ ZLWK K\SRHODVWLFLW\ 0 DQG 0 DQDO\VHV XVLQJ .+0 DQG .+60
UHVSHFWLYHO\ ZLWK 9LJJLDQL DQG $WNLQVRQ HODVWLFLW\ 7KH .+60 ZDV FDOLEUDWHG DJDLQVW &56& 6%37 DQG .
FRQVROLGDWHGXQGUDLQHGWULD[LDOFRPSUHVVLRQDQGH[WHQVLRQWHVWVSHUIRUPHGRQ%%&VDPSOHVIURPWKH$OOVWRQ6FLHQFH
&RPSOH[>@$VDUHVXOWDVLQJOHVHWRIPRGHOSDUDPHWHUVOLVWHGLQ7DEOHZDVGHULYHGDQGXVHGWRGHVFULEHWKH
PHFKDQLFDOEHKDYLRXURIWKH%%&OD\HU/LQWKHVLPXODWLRQV)LJXUHDGHSLFWVWKHVWUHVVSDWKVQRUPDOLVHGZLWK
UHVSHFW WR WKH SUHFRQVROLGDWLRQ SUHVVXUH IRU WKUHH &.87& DQG WKUHH &.87( WHVWV RQ %%& VDPSOHV IURP WKH
LQYHVWLJDWHGVLWHWRJHWKHUZLWKWKH.+60SUHGLFWLRQV7KHFRUUHVSRQGLQJVWUHVVVWUDLQUHVSRQVHLVVKRZQLQ)LJXUH
E7KHJHQHUDO WUHQG VKRZQ E\ WKH H[SHULPHQWDO UHVXOWV LVZHOO FDSWXUHGE\ WKHPRGHO LQERWK FRPSUHVVLRQ DQG
H[WHQVLRQ
7DEOH.+60SDUDPHWHUVIRU/
6RLO 0T O N 5 % \ K U $ N
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)LQLWHHOHPHQWPRGHO
7KH)(PHVKRIWKHFURVVVHFWLRQ$LVVKRZQLQ)LJXUHDQGFRQVLVWHGRIDSSUR[LPDWHO\QRGHGWULDQJXODU
HOHPHQWV1RPRYHPHQWZDVSHUPLWWHGDWWKHEDVHRIWKHILQLWHHOHPHQWPHVKDQGRQO\YHUWLFDOPRYHPHQWZDVDOORZHG
DWWKHODWHUDOERXQGDULHV7KHH[FDYDWLRQZDVVXSSRUWHGE\DPGHHSUHWDLQLQJV\VWHPZLWKIRXUURZVRIWLHEDFN
DQFKRUV7KHOHIWKDQGERXQGDU\RIWKHPRGHOZDVVHWDWPZKLFKLVRYHUIRXUWLPHVWKHGHSWKRIWKHH[FDYDWLRQ
DQGWKXVLVXQOLNHO\WRLQWHUIHUHZLWKWKHUHVXOWV>@7KHULJKWKDQGODWHUDOERXQGDU\UHSUHVHQWVWKHD[LVRIV\PPHWU\
RIWKHDQDO\VHGVHFWLRQ7KHH[FDYDWLRQVHTXHQFHFRQVLVWHGLQWKHLQVWDOODWLRQRIWKHUHWDLQLQJZDOOIROORZHGE\DILUVW
H[FDYDWLRQSKDVHXQGHUFDQWLOHYHUFRQGLWLRQVDQGWKHQWLHEDFNVLQVWDOODWLRQDQGFRQVHFXWLYHH[FDYDWLRQWRPEHORZ
HDFKOHYHORIWLHEDFN2QFHWKHODVWWLHEDFNZDVLQVWDOOHGWKHDQDO\VHVVLPXODWHGWKHILQDOH[FDYDWLRQWRP'XULQJ
WKHUHDOH[FDYDWLRQDWWKH$OOVWRQ6FLHQFH&RPSOH[JURXQGZDWHUGHZDWHULQJZDVDFKLHYHGE\PHDQVRIVXPSSXPSLQJ
DQGQRGUDZGRZQRIWKHH[WHUQDOZDWHUOHYHOZDVSHUPLWWHG7KHUHIRUHWKH)(VLPXODWLRQRIWKHH[FDYDWLRQZDVFDUULHG
RXWXQGHUGU\FRQGLWLRQVDQG WKHZDWHU WDEOHRXWVLGH WKHZDOOZDVNHSWFRQVWDQWDWPEHORZJURXQG OHYHO7KH
UHWDLQLQJV\VWHPZDVPRGHOOHGXVLQJSODWHHOHPHQWVZLWKQRGHWRQRGHDQFKRUVDQGJHRJULGHODVWLFHOHPHQWVDGRSWHG
WRVLPXODWHWKHWLHEDFNVDQGWKHJURXWERG\UHVSHFWLYHO\


)LJ*HRPHWU\ERXQGDU\FRQGLWLRQVDQGILQLWHHOHPHQWPHVKRIWKHH[FDYDWLRQ
7KH.SURILOHXVHGLQWKHDQDO\VLVZDVEDVHGRQWKHGHVLJQOLQHDVVXPHGE\WKHJHRWHFKQLFDOUHSRUW>@IURP
6%37PHDVXUHPHQWV)LJXUHDVKRZVWKH.YDOXHVXVHGIRUHDFKVWUDWXPWRJHWKHUZLWKSXEOLVKHGGDWD>@7KHIRXU
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VHH)LJ7KHUHVXOWV
RI WKHVH LQVLWXPHDVXUHPHQWV DUH UHSRUWHG LQ)LJXUHG LQ WHUPVRI QRUPDOLVHG LQLWLDO VWLIIQHVV *VcY SURILOHV
WRJHWKHUZLWK FURVVKROHGDWD IRU D6RXWK%RVWRQ VLWH >@7KH VDPH ILJXUH VKRZV WKH GLIIHUHQW VWLIIQHVVSURILOHV
DGRSWHG LQ WKH)(VLPXODWLRQV)RU WKH0DQG0DQDO\VHV WKHYDOXHVRI*ZLWKGHSWKZKLFKDUHVLJQLILFDQWO\
VPDOOHUWKDQWKRVHPHDVXUHGLQVLWXZHUHREWDLQHGIURPWKHFDOLEUDWHGSDUDPHWHUțUHSRUWHGLQ7DEOH7KLVOLPLWDWLRQ
RIK\SRHODVWLFPRGHOVMXVWLILHVWKHXVHRIWKH9LJJLDQLDQG$WNLQVRQHODVWLFPRGHOLQWKH0DQG0DQDO\VHVWREHWWHU
FDSWXUHWKHVPDOOVWUDLQHODVWLFVWLIIQHVVRIWKHVRLOGHSRVLW,QWKHVHFDVHVWKHVWLIIQHVVSDUDPHWHUV$PDQGQHTXDO
WRDQGUHVSHFWLYHO\ZHUHVHOHFWHGEDVHGRQWKHDYHUDJH3,RI%%&LH7KHFRUUHVSRQGLQJ
QRUPDOLVHGVWLIIQHVVSURILOHVPDWFKZHOOERWKWKHLQVLWXGDWDIURP6&37WHVWVDQGWKHPHDVXUHPHQWVIURPRWKHU%RVWRQ
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)LJ&RPSDULVRQRIQXPHULFDOSURILOHVZLWKPHDVXUHGGDWDDWWKH$OOVWRQ6FLHQFH&RPSOH[
5HVXOWVRIWKH)(VLPXODWLRQV
)LJXUHVDDQGESUHVHQWWKHKRUL]RQWDOZDOOPRYHPHQWVRIWKHUHWDLQLQJVWUXFWXUHLQ6HFWLRQ$DQGWKHJURXQG
VHWWOHPHQWSURILOHVSUHGLFWHGDIWHUH[FDYDWLRQSKDVHVDQGUHVSHFWLYHO\7KHDYDLODEOHILHOGPHDVXUHPHQWVIRUWKH
WZRH[FDYDWLRQOHYHOVREWDLQHGIURPLQFOLQRPHWHUV>@DUHDOVRSORWWHGRQWKHVDPHILJXUHV

)LJ3UHGLFWHGH[FDYDWLRQSHUIRUPDQFHD([FDYDWLRQDQGE([FDYDWLRQ
,QJHQHUDOWKHUHVXOWVVKRZWKDW)(DQDO\VHVHPSOR\LQJWKHWUDGLWLRQDOHODVWLFLW\ODZLH0DQG0JHQHUDWH
ODUJHU ZDOO GHIOHFWLRQV GXULQJ DOO VWDJHV RI WKH H[FDYDWLRQ SURFHVV ,Q WHUPV RI FRPSDULVRQ ZLWK PHDVXUHG
GLVSODFHPHQWV WKHVH )( DQDO\VHV HPSOR\LQJ WKH FRQYHQWLRQDO HODVWLFLW\ ODZ VLJQLILFDQWO\ RYHUHVWLPDWH WKH ZDOO
GHIOHFWLRQV:LWK UHVSHFW WRD VWDQGDUG0&&DQDO\VLV 0 WKH LQWURGXFWLRQRI WKHEXEEOHDOORZV IRUSURJUHVVLYH
\LHOGLQJRIWKHFOD\DQGLQYRNHVSODVWLFGHIRUPDWLRQVIURPWKHLQLWLDOVWDJHVRIORDGLQJ7KHUHVXOWVREWDLQHGZLWKD
0DQDO\VLVDUHYHU\VLPLODUWRWKRVHRI0VLPXODWLRQVGXULQJWKHILUVWH[FDYDWLRQSKDVHPDLQO\GXHWRWKHIDFWWKDW
WKLVSKDVHLQFOXGHGH[FDYDWLRQLQWKHPDGHJURXQGDQGIOXYLDOVDQGOD\HUVRQO\7KHVXEVHTXHQWH[FDYDWLRQSKDVHV
KRZHYHULQYROYHWKH%%&OD\HUDQGWKHDSSOLFDWLRQRIWKHEXEEOHPRGHOUHVXOWVLQLQFUHDVHGZDOOGHIOHFWLRQVFRPSDUHG
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WKH0 DQDO\VLV H[KLELWV D UHGXFWLRQ RI  DW WKH ILQDO OHYHO RI H[FDYDWLRQ 7KLV QRWHZRUWK\ GLIIHUHQFH FDQ EH
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DWWULEXWHG WR WKHKLJKHU LQLWLDOVWLIIQHVVDWVPDOOVWUDLQVSUHGLFWHGZLWK WKH9LJJLDQLDQG$WNLQVRQPRGHOD IHDWXUH
ZKLFKFDQQRWEHDWWDLQHGE\WKHWUDGLWLRQDOHODVWLFLW\ODZVHH)LJGXQOHVVXQUHDOLVWLFYDOXHVIRUWKHFRPSUHVVLELOLW\
SDUDPHWHUțDUHXVHGLQ0DQG0DQDO\VHV,QFRQWUDVWVXEWOHGLIIHUHQFHVLQWKHQXPHULFDOSUHGLFWLRQVEHWZHHQ0
DQG0 DQDO\VHV FDQ EH REVHUYHGZKHQ WKH VWUXFWXUH GHJUDGDWLRQ HIIHFWV DUHPRGHOOHG 7KH SRVW SHDN VRIWHQLQJ
GHVFULEHGE\WKH.+60PRGHOUHVXOWVLQDVPDOOLQFUHDVHRIWKHVLPXODWHGZDOOGHIOHFWLRQVZLWKDGLIIHUHQFHEHWZHHQ
WKHSUHGLFWLRQVRI0DQG0DQDO\VHVHTXDOWRDSSUR[LPDWHO\$WH[FDYDWLRQOHYHOWKH0DQG0SUHGLFWLRQV
DUHLQJRRGDJUHHPHQWZLWKWKHPHDVXUHGZDOOGHIOHFWLRQV)LJD7KHWRHDQGPD[LPXPZDOOGHIOHFWLRQVDUHZHOO
FDSWXUHG E\ WKH0 DQG0 VLPXODWLRQV DW H[FDYDWLRQ OHYHO  DOWKRXJK WKH WRSRIZDOO GHIOHFWLRQ LV VRPHKRZ
XQGHUHVWLPDWHG 7KLV FRXOG EH H[SODLQHG E\ WKH K\GUDXOLF IUDFWXULQJ RI WKH FRKHVLYH VRLOV FDXVHG E\ WKH XVH RI
SUHVVXUL]HGGULOOLQJIOXLGZLWKH[WHUQDOIOXVKDQGSUHVVXUHGJURXWZLWKRXWSDFNHUVDVUHSRUWHGE\>@&RQVLVWHQWO\
ZLWKWKHREVHUYDWLRQVLQWHUPVRIZDOOKRUL]RQWDOGLVSODFHPHQWVWKHPD[LPXPVHWWOHPHQWSUHGLFWHGE\WKHDQDO\VHV
HPSOR\LQJWKHFRQYHQWLRQDOHODVWLFLW\PRGHODOZD\VH[FHHGVWKRVHSUHGLFWHGE\WKH9LJJLDQLDQG$WNLQVRQPRGHODW
WKH WZR H[FDYDWLRQ OHYHOV SUHVHQWHG )LJ D E 7KH GLIIHUHQFHV EHWZHHQ WKH0 DQG0 DQDO\VHV DUH LQVWHDG
QHJOLJLEOH
&RQFOXVLRQ
7KHSDSHUSUHVHQWHGWKHUHVXOWVRI)(VLPXODWLRQVRIWKHXQGUDLQHGEHKDYLRXURIDGHHSH[FDYDWLRQZKLFKIRUPV
SDUWRIDEDVHPHQWH[FDYDWLRQORFDWHGLQ%RVWRQ7KH)(DQDO\VHVUHYHDOHGWKHFUXFLDOUROHRIWKHHODVWLFIRUPXODWLRQ
DGRSWHGWRGHVFULEHWKHVPDOOVWUDLQVWLIIQHVVRIWKHVRLO7KHVLPXODWLRQVHPSOR\LQJWKHNLQHPDWLFKDUGHQLQJPRGHOV
WRJHWKHUZLWKDQLPSURYHGVPDOOVWUDLQVWLIIQHVVIRUPXODWLRQSURYLGHGDFORVHPDWFKWRILHOGPRQLWRULQJGDWDZLWK
ZDOOGHIOHFWLRQUHGXFLQJWRDSSUR[LPDWHO\KDOIRIWKRVHSUHGLFWHGXVLQJWKHWUDGLWLRQDOHODVWLFLW\ODZ7KHPRGHOOLQJ
RI VWUXFWXUH GHJUDGDWLRQ SURGXFHG VRPH VXEWOH LQFUHDVH RI WKH VLPXODWHG ZDOO GHIOHFWLRQV DQG JURXQG VHWWOHPHQW
SURILOHVGXHWRWKHSRVWSHDNVRIWHQLQJEHKDYLRXUDFFRXQWHGIRULQWKHPRGHO
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